The two-channel Chew-Pignotti mu\tiperipheral cluster model due to Snider has been tested on 67 GeV/c p-N data. The data strongly favour short-short correlations in the rapidity gaps. The cluster size and the cluster density in rapidity space are estimated to be 5.Z and 0.5 respectively. Comparison of the present results with those at higher energies indicates that the cluster size remains practically constant at a value 5~6 particles within the energy range 67~400GeV. § 1. Introduction
§ 1. Introduction
One of the most successful methods of studying the clusterization of particles produced m high energy collisions is the analysis of the distribution of the rapidity gaps, ri = }';~1 -)';, between consecutive secondary particles, ordered according to their rapiclities y 1• In the past, several authorsll" 21 have reported such analyses for jJ-~V interactions in the energy range 1 00~400 Ge V. There is, however, only one st ucly, 31 reported in the <100 Ge V energy range. This analysis was based on 1105 shO\ver particles (/3>0.7) produced in 182 7r--N interactions at 50 Ge VI c.
In order to understand the detailed mechanism of multiparticle production, it is important to have accurate analyses of data at various energies and with different projectile-target systems. In this paper, we, therefore, report the results of a comprehensive analysis of rapidity gap correlations using a rather large sample of data on 67 Ge VIc p-1V interactions collected by the AADCLMTUB Collaboration. 4 l The data consist of 801 events having shower particle multiplicity (n,) >4 and contributing a total of 4256 shower particles for analysis. *l
The purpose of this study is two-fold. Firstly we want to test which of the multiperipheral (MP) models incorporating cluster production is favoured by the present data. T\vo variants of such l'viP-models are available; one is by Snider 1 l, 5 > (two-channel Chew-Pignotti model) and the other is by Quigg et al. 6 l (independent cluster emission model). The relevant details of these models may be found in the paper of Snider. 5 l The predictions of these models, though substantially agreeing in the shape of the rapidity gap distribution, differ markedly with regard to the correlations in the rapidity gaps. Snider's model') predicts that next to a small (large) *l gap, most probably, there occurs il small (large) gap, whereas according to the model of Quigg et al. 61 a small (large) gap is most likely to be followed by a large (small) gap. This difference in rapidity gap correlations thus provides a very simple test of the two models. Secondly we want to estimate tvvo important parameters of the clusters, viz., the cluster size and the cluster density. The study of these parameters as a function of energy and the nature of the projectile particle are also important.
The model of Quigg et al. 6 l is b<Jsed on the assumption that the cluster decays into only two charged particles, on an average. On the other hand, the high probability of short-short correlations predicted by Snider's model') requires that the average number of charged pilrticles constituting a cluster should be greater than two (most probable value being three). This is because the occurrence of two short gaps in succession needs three charged particles closely spaced m rapidity. Therefore, an independent determination of cluster size will also help in choosing betvveen the two models. § 2. Results and discussion
The predictions of the models are given in terms of the inten-als of true longitudinal rapidity y-the calculation of which requires an accurate knowledge of the identity and momentum of each secondary particle. Experimentally, at primary energies >50 Ge V, it cannot be achieved. One, therefore, in general, computes a quantity called pseudorapiclity, ' lJ = -In tan(() /2), where (} is the laboratory angle of emission of the particle. In high energy interactions ~so% of the secondary particles are pions, so that E~pc and hence y='lj. So this analysis is based on -r; instead of y. Figure 1 shows the distribution of rapidity gaps ri+l next to small gap, ri<O.l.
The peaking in the region r 1+1<0.1 indicates dominance o£ short-short correlations and hence the data support Snider's moclel. 51 The figure also indicates that next to <1 small gap, a small gap occurs at least five times as frequently as a large gap does. For 50 Ge VIc r:--N interactions, the short-short correlations 1vere found 3 ' to be about four times as frequent as short-lonf:; ones, whereas in 400 Ge VIc P-1V
JO'r------------------------------------------,
interactions'' the short-short correlations are at least ten times as clom.inant as the short-long mies. It thus appears that short-short correlations become increasingly dominant as the energy increases from 50 to 400 Ge V irrespective of the nature of the projectile.
Regarding the shape of the distribution dnldr for all rapidity gaps r, Snider's moclcln predicts,
This equation very \\"ell fits the jJjJ data at 200 Ge v.l)
The distribution of all gaps for the present data 1s shown m Fig. ' ) The least-squares fit to this distribution is found to be, For the present data this ratio comes out to be 1.58 ± 0.58 which appears to be consistent with 1.54. It is thus evident that Snider's model is strongly favoured by the experimental data from 50 GeV to 400 GeV. The rapidity gap distribution can also be used to estimate the cluster size and the cluster density in the rapidity space. Adamovich et al. 71 have deduced that the rapidity gap distribution, in the extreme cases, can be written in the following forms, dn/ dr = e-pmr (for small r) (2. 5) and dn/ dr = e-pr (for large r),
·where m denotes the cluster decay multiplicity including the neutrals, and p indicates the cluster density. Comparing expression (2 · 2) with (2 · 5) and (2 · 6), v,ce find that at 67 Ge V, p = 0.5 and m = 5.2. The corresponding quantities at 400 Ge V are found 2 J to be 0.7 and 5.6 respectively. It is interesting to note that from a study of rapidity fluctuation analysis, Ludlam et al. 8 J found m = 5~6 in the energy range 200~300 Ge V. It therefore, appears that the cluster size remains practically constant at a value 5~6 within the energy range 67 ~400 Ge V. Thus the value of cluster size also supports Snider's two-channel model.
